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large 6trips of lint soaked in tr. benzoin corap.; closed the wound with wire 
sutures; applied splints externally, and firmly bandaged the limb up to the 
shoulder. Sickness occurred after the operation—in my experience a rare 
occurrence when the aiussthetic is administered from Dr. Junker’s inhaler 

_and repeatedly during the night. The patient remained almost pulseless, 

in spite of the application of heat to the surface, and of the administration 
of stimulants. Blood oozed sufficiently freely to stain all the dressings 
through, but not beyond this. During the following day there was no 
improvement; the patient was quite rational, able to talk, and fairly free 
from pain. The abdomen became much distended during the night, and 
vomiting occurred at intervals until the morning. Turpentine fomenta¬ 
tions, enemata, and alkaline draughts gave no relief, the patient still 
remaining almost pulseless; heart beat regular; respiration much im¬ 
peded by the abdominal distension ; and the patient gradually sank, and 
died at 4.30 P. M., twenty-four hours after the operation. 

The friends refused to allow a post-mortem examination. • 

Allahabad, India, December 5,1883. 


Article XII. 

The Time Required by the Blood for making one complete Circuit 
ok tiie Body . 1 By Robert Meade Smith, M.D., Professor of Comparative 
Physiology, University of Pennsylvania. 

In a paper published in the Philadelphia Medical Times for Jnnuary 
26, 1884, I gave an account of a new method which I had employed to 
measure the amount of blood thrown out of the ventricles at each contrac¬ 
tion, and to determine the time required by the blood for muking one 
complete circuit of the body. I there had occasion to criticize the method 
which has heretofore been employed to answer this latter question, and to 
point out some of its defects. I have recently been studying this subject 
from another point of view, and have obtained some results which 
strengthen the position taken in the article referred to. 

It will be remembered that the method which has been employed for 
this purpose, the infusion method of Hering (Ztschrft. fur Phys. Bd. iii. 
and v., and Arch. fUr phys. ffeilhinde, 1853, p. 112), consists in inject¬ 
ing into one jugulur vein towards the heart a solution of some salt whose 
presence in the blood can be readily recognized by chemical tests, and in 
finding how soon after the injection the salt appears in the blood coming 
from the head in the corresponding vein on the opposite side of the neck. 

■When thus injected, to reach the peripheral portion of the opposite 
jugular vein, the salt must evidently have passed into the right heart, 
through the capillaries of the lungs, into the left heart, through the carotids 
or vertebral arteries to the head, and through the capillaries of the head 

1 Read before the College of Physicians of Philadelphia, March 5,1884. 
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or face to the jugnlnr vein ; or, in other words, must have passed thromdi 
two capillary networks with their arteries and veins. It must, therefore 
have completed an entire circulatory revolution. But to conclude that 
the time elapsing after the introduction of the salt into one jugular vein 
before it is found in the blood coming from the head in the opposite vein 
is the time required for one molecule of blood to pass from one of these 
points to the other, it must in the first place bo admitted that the salt has 
been carried mechanically by the blood, without diffusing through it with 
the same velocity ns the blood itself; and in the second place to enable 
the formntior of any opinion as to how often the entire mass or blood 
passes through the heart, it must be admitted that the velocity thus deter¬ 
mined by the infusion method is the mean velocity of the blood mass. 
To show tlint both of these assumptions are unwarrantable is the object 
of the present communication. 

I. The Element of Diffusion in Bering's Method. —Poisseuille (Ann. i. 
Sciences Bat., 1843, ii. ser. t. xix. p. 30) was the first, and as far as I 
know has been the only one to offer any experimental proof ns to the 
falsity of the belief that the potassium salt was carried mechanically ns 
would be an inert body, by the blood. He repeated Bering’s experiments 
on the horse, and was able to confirm his statement rs to the time clapsin" 
after the injection of the solution of potassium ferrocynnide before it ap¬ 
peared in the jugular vein of the opposite side; hut he further found that 
this time was different for different substances, and was even modified by 
the presence of other substances when injected with the potassium ferro- 
cyamde. Thus, while the time required for the circulation of the potas¬ 
sium ferrocynnide was twenty-eight seconds in the horse, when a little 
alcohol, in quantity insufficient to have any appreciable effect on the pul«c 
and blood pressure as measured with the hmmadynamometcr, was injected 
with the potash salt, the time of circulation was lengthened to forty-foe 
seconds. Or, when potassium nitrate or ammonium acetate was adminis¬ 
tered under similar circumstances, the duration of circulation was reduced 
to eighteen or twenty seconds. In other words, he found that in the living 
body the rapidity of circulation of substances mixed with the blood agreed 
with the rapidity of flow of the same substances through dead capiflaries 
or even through glass tubes. 

It is, moreover, well known that if two fluids capable of mixin- arc 
brought into contact they will diffuse into each other with a considerable 
degree of rapidity,,even when the mass of the liquid is at rest or when 
there is great difference in the relative volumes of the fluids ; while if one 
fluid is poured into another with which it is miscible, or if aritated after 
the two fluids are brought into contact, diffusion is almost instantaneous. 
And as some force is always employed in injecting the salt solution into 
the vein, the mixture of this solution with the blood will be promoted, 
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while the motion of the blood renders the conditions still more favourable 
for diffusion. 

The assumption is, therefore, a fair one, until subjected to experimen¬ 
tal disproof, that the element of diffusion forms a considerable item in the 
rapidity with which solutions of 6alts complete the circuit of the body. 
As far as I know, however, no such proof has ever been advanced, and 
the direct experiments which I have made on this subject serve rather to 
confirm than to disprove this assumption. 

It is evident tliat if any particular, inert substance, small enough to 
pass through the capillary networks, and capable of ready recognition, 
could be injected into the blood, there could be no question as to the ele¬ 
ment of diffusion in the time required for such a substance to complete 
the circuit of the body; its velocity of movement must be the velocity of 
the current in which it moves; and if more time is required for the circu¬ 
lation of such a body than for the salt solution, it will be evident that some 
force other than the propulsion of the blood is concerned in the movement 
of the salt. These conditions I believe to be filled in employing pigeon’s 
blood as the body whose transit is measured. 

The red blood corpuscles of the pigeon have a short diameter smaller 
than the diameter of mammalian blood disks; and as all red blood cor¬ 
puscles pass edgewise, and oval corpuscles (as in the frog) pass endwise 
in the centre of the blood stream, it is probable that the pigeon’s cor¬ 
puscles will circulate in mammalian bloodvessels with their long diameter 
in the axis of most rapid movement. They therefore agree with the first 
requisite as to 6ize. 

In the second place, they are oval and nucleated, and so form such a 
strong contrast to mammalian blood disks that a single pigeon’s corpuscle 
in a drop of mammalian blood can be found under the microscope with the 
greatest readiness. 

It might at first 6eem, however, that pigeon’s blood injected into the 
vessels of a mammal is by no means an inert substance. It was proved 
in the earlier operations of transfusion that the blood of one species of animal 
is a direct poison for other species. When the blood, whether defibri- 
nated or not, of one group of mammals is injected into the vessels of 
another of the same class but of different species, the corpuscles of the 
injected blood rapidly disappear, the plasma becoming red from the liber¬ 
ated hasmoglobin, which, when large quantities of blood are injected, may 
pass off* through the kidneys, causing haimoglobinuria, or even into the 
mucous and serous secretions; while at the same time the corpuscles of 
the animal receiving the injection, if they are themselves soluble in the 
injected blood, break down, and as a consequence convulsions and death 
through asphyxia may result. 

The resistance offered to these phenomena differs in different groups of 
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aniirmls ; thus, the dog, of all animals, is least liable to dangerous symptoms 
following the injection of blood from a different species. There is still 
another complication to be noted. Before the corpuscles are dissolved 
they tend to run together into heaps and so cause emboli, while a-ain the 
liberation of hmmoglobin is likely to cause thrombosis. 

It would seem from the above that pigeon’s blood, which was also found 
by Bischoffto provoke analogous symptoms when injected into mammals 
is by no means an inert substance, and is therefore entirely unfitted for the 
use I have made of it. Sucli is not, however, the case. The production 
of the symptoms mentioned above is a question of minutes ; the duration 
of the circulation one of seconds; and I have found by direct experiment 
ns will be shown later, that the circulation is completed before disor-nnizn- 
tion commences. 

There is one difficulty, however, that must be guarded against Tl.e 
solution of the pigeon’s corpuscles occurs not only in the vessels or the do-, 
the animal on which most of my experiments were made, but also after 
blood has been drawn and exposed to the air. Therefore, if the corpuscles 
are not sought for within n very short time after the withdrawal of the 
blood they will only be found with great difficulty, and sometimes not 
at all, though it may be that their presence in the same portion of blood 
was proved only a few minutes before. To avoid error from this cause 
. Gray, the Assistant Demonstrator of Histology in the University 
kindly examined the blood for me the instant that the collection was’ 
made and before alteration had commenced. Such n procedure is not 
however, absolutely necessary, as the first change in the corpuscles is 
their loss of hmmoglobin and consequent transparency, while the cell wall 
disappears still later, and the nucleus remains unchanged for some time. 
If, therefore, a little aniline red is added to the drop of blood under exami. 
nation, pigeon’s corpuscles, otherwise almost invisible, can be readily reco-- 
nized. J ° 

Method of Experiment. Two pigeons were killed by decapitation im¬ 
mediately before the experiment, and their blood collected in a dry porce¬ 
lain dish and thoroughly defibrinnted by whipping with glass rods- the 
blood was then filtered through a fine linen cloth moistened with half-per¬ 
cent. salt solution (water was avoided so as to preserve the corpuscles 
unaltered). 1 

The animal to be experimented on was then tied and etherized, and glass 
canulic, of the same calibre as the vessels, were inserted into the external 
jugular veins, in the left directed towards the heart, and in the ri-ht 
towards the periphery, flow of blood being prevented by sprin- clips. °A 
canola was then inserted into the femoral artery and connected with a 
mercurial manometer writing on the kymographion. 

The cnnula in the right external jugular vein was connected by means 
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of a piece of rubber tubing about 4 centimetres long with a glass stop¬ 
cock by which the outflow of blood could be regulated to about the amount 
normally passing through the vein. 

The apparatus for collecting the blood and for noting the time of each 
collection consisted of a horizontal glass disk 31 centimetres in diameter, 
which could be uniformly rotated by clock-work at any desired speed. 
Twenty-four watch-glnsses, each about 2 cm. in diameter, were fastened by 
sealing-wax around the edge of the disk, and the apparatus was so ar¬ 
ranged that as the disk rotated the centre of each watch-glass passed under 
the stopcock connected with the right jugular vein. 

The time was recorded in the following way: The entire disk, with the 
exception of the border on which the glasses were fastened, was covered 
with a layer of lampblack, and an electro-magnetic lever so arranged 
that ns the disk revolved it would describe a concentric circle on the 
smoked surface. This electro-magnet, with a similar lever writing on the 
drum of the kymographion, was included in an electric circuit broken 
every second by a second’s pendulum. Each interruption of the circuit, 
therefore, made a mark simultaneously on the revolving disk and on the 
moving paper of the kymographion. The apparatus was further so ar¬ 
ranged that a single movement started the revolving disk and at the same 
time made a mark on the already revolving drum of the kymographion. 
The orifice of outflow from the stopcock and the time lever were on the 
same radius of the disk. 

A syringe containing 10 c. c. was then filled with the defibrinnted 
pigeon’s blood and bound in the canula, previously filled with the same 
blood, in the left external jugular. After all connections were made the 
kymographion was started and allowed to revolve for twenty or thirty 
seconds before making the injection, so as to get a normal pulse and pres¬ 
sure curve. The clip was then removed from the right jugular vein, and 
as soon ns the blood commenced to flow from the glass stopcock, the clip 
was removed from the left jugular, the injection made, and the disk started 
simultaneously ; the instant of starting the disk being also automatically 
recorded below the pulse line on the kymographion. 

"When all the cups were filled with blood the disk was stopped and the 
blood instantly examined microscopically for the presence of pigeon’s cor¬ 
puscles. When it was determined in which glass they first appeared, it 
was only necessary to count the number of breaks in the time line on the 
disk from this glass to the start to determine how many seconds were re¬ 
quired for the pigeon’s corpuscles to pass from the left jugular vein to the 
right. While by laying off on the kymographion tracing the same number 
of seconds from the starting of the disk, the number of pulsations in that 
period was readily determined, and also whether the injection produced 
pny disturbance of circulation. 
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The following are the details of two experiments made on this plan :_ 

Experiment L-Nov. 24, 1883. Dog. Weight 18 kilo. Experiment con¬ 
ducted as described above; effects of ether had largely passed off before the 

. mad , e * 0 J ,me I Yl uircd for pigeon’s corpuscle to pass from the 
eft to the i ight jugular 20 seconds. Pulse in 20 seconds == 55. 

Before Injection. 

Blood pressure. Pnlse ^ , 5 . econd ^ 

1G0 mm. SQ 


5 seconds, 160 

10 “ 155 

15 “ 148 

20 “ 135 

30 « 90 

45 “ 70 


After Injection. 

39 in first 15 seconds. 


Respiration la IS seconds. 
6 


43 in second 15 “ 6 

' ,v 38 in third 15 “ 7 

'*P"™'nt was tten interrupted for half on hour, when tho low pressure 
produced bj tlio pigeon s Wood had passed off. 1 grm. of potassium ferrocyunide 
was thru dissolved ,n 10 c. c. of normal salt solution, warmed to 38° <]., and 
then injected into the left jugular vein, and the blood collected from the ri"ht 
bisUd'! 1 ’’ “ nd 1Cr d “ talk as in the case of the injection of pigeon’s 


Blood pressure. 

155 

5 seconds, 110 
10 *• 50 

15 “ 30 

20 “ 20 

30 “ 18 


Before Injection. 

Poise in IS seconds. 

40 

After Injection. 

16 in first 15 seconds. 


Respiration In 13 seconds. 

7 


6 in second 15 •• none. 

Bead. 

The blood was then allowed to suind in the watch-glasses until the serum 
separated, a drop of the latter was then drawn olT with a pipette, placed on a 

of'dilute Sirdff ’V'-‘Mmchloric acid, and tested with a drop 
'blonde solution. It was then found that the portion of blooS 
collected jf/Ieen seconds after the injection of the potassium salt was the first to 
fora ^l ?ram t Th"l The potassium ferroejanide, there- 

15?cS=™6. C JUSU r Tem 10 ° n ’ Sllt J! S“ cn pels' in 

Krerimeiil II.-Nov- 30, 1883. Dog. Weight 10 kilo. Detail, of expert- 

^ e pX c in T1,e corpu ^ — - 


Blood pressure. 

120 


5 seconds, 120 
10 
15 


20 

30 

60 


120 

120 

120 

115 

60 


Before Injection. 

Pnlse In 13 seconds. 

33 

After Injection. 

44 in first 15 seconds. 
50 in second 15 “ 


Respiration in 13 seconds. 
5 


heZm " n,mal . wns ,hc n allowed to remain undisturbed until the pressure again 
became normal, when 0.4 grm. potassium ferroevanide, dissolved in 4 c c for¬ 
mal salt solution, was injected, and the blood collected is before. c ’ nor 



1884.] 


Smith, Circulation of the Blood. 


445 


Blood pressure. 

150 


Before Injection. 

Palie in 15 seconds. Respiration In 15 seconds. 

36 6 


After Injection. 

5 seconds, 120 
10 “ 55 

15 “ 25 18 in first 15 seconds. 2 

30 “ 15 15 in second 15 “ none. 

Heart stopped one minute after injection. 

The serum was then tested as in the previous case, and the Prussian blue found 
in the blood collected 9 j seconds after the injection of the potassium salt. The 
heart-beats in this period == 14. 

The comparison of the times required in the same animal for the cir¬ 
culation of the pigeon’s blood and the potassium salt clearly proves the 
falsity of the assumption that the 6alt moves through the vessels with the 
same velocity as the blood. 

Vierordt (StromgeschxoindigJceiten des dilutes , Berlin, 18G2), who, by 
his numerous experiments and important modifications and extensions of 
the plan of research, has identified himself with Hering’s method, from a 
series of seventeen experiments made on dogs with an average body 
weight of 9.14 kilo, places the mean time of circulation in the dog at 
15.22," and from experiments made on three rabbits of 1.37 kilo, average 
weight he gives G.91" as the mean time of circulation. In giving these 
figures he states that he has been careful to exclude all experiments in 
which the violent symptoms produced by the injection of the poison occurred 
within the time that liis other experiments made oh the same plan, but in 
which such symptoms did not appear, give as the mean time of circula¬ 
tion. This is, however, manifestly unwarrantable; for, were the sub¬ 
stance injected a solid carried mechanically by. the blood, any disturbance 
of circulation accompanied by great reduction in the pulse and blood pres¬ 
sure could only produce reduced velocity of the circulation, and conse¬ 
quently prolong the time required for the circuit of the injected solid around 
the bloodvessel system. But that in the face of such disturbance, and 
that, too, of the most violent character, the salt could be distributed with 
the greatest rapidity throughout the body clearly proves that it was not 
mechnnically carried by the blood. Thus, in the experiments detailed 
above, we find that even when given in doses large enough to arrest the 
heart almost instantly, thus removing the main cause of the movement of 
the blood, and greatly reducing its velocity, we find, nevertheless, that the 
potash salt circulates more quickly even than the time given by Vierordt, 
and twenty-five per cent, faster than the pigeon’s corpuscles are carried by 
the blood under normal conditions of pulse and pressure; for it should 
be noticed that the pulse and pressure remain comparatively undisturbed 
until after the circulation is complete. That the pigeon’s cells are not 
delayed in their passage through the capillaries is proved by the fact that 
there is never any rise of blood pressure after making an injection of 
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pigeon’s blood, as would occur were there any blocking of the circulation 
m the capillaries. 

lire following arc the results obtained in ten experiments made in the 
manner described above to determine the time required for the passage of 
the pigeon’s corpuscles from one jugular vein to the other. In each°cnse 
the pulse and pressure remained undisturbed until after the circuit was 
completed. 


Ho. Animal. 

1. Dog 

2 . “ 

3. “ 

4. « 

5. “ 

6. Pup 


Time of drenlation. 
. 20 seconds. 

. 17 “ 

. 15 “ 


. 15 


. 18 

. 20 


Pulao In time 
of clrcnlmtlun. 

55 

53 

50 

47 

44 

GO 


Weight. 
18 kilo. 
10 “ 

8 “ 

8 “ 
10 “ 

3 “ 


1 . 

2. 

Averages 

Babbit 

17.5 “ 

. 14 “ 

. 12 “ 

9 “ 

51.5 

9.5 kilo. 

3. 

4. 

“ 

27 

3 «* 

H “ 


• 9 u 

35 

H “ 


Averages 

11 “ 

31 

2.3 “ 


It is seen, in the above series of experiments made on dogs with nbout 
the same average weight as those experimented on by Vierordt (9.41 kilo., 
and 9.5 kilo.), that the mean time required by the pigeon’s corpuscles for 
the jugular circuit is 17.5", as compared with 15.22" obtained by Vierordt 
for the potassium salt; while in the rabbit 11" was obtained as a mean as 
compared with 0.9". Consequently, in the dog nearly 15 per cent, of the 
time stated by Vierordt as expressing the mean time, and in the rabbit 
over 59 per cent., are due to diffusion. 

In this connection it might be suggested that the rapidity of circulation 
is greater in small animals than in large, not only on account or the shorter 
path to be traversed, as insisted upon by Vierordt, but because small uni- 
mals contain, both absolutely and relatively as to body-weight, a smaller 
volume ol blood; and since it has been shown that diffusion has some¬ 
thing to do with the result, the salt will diffuse more rapidly into a small 
volume of fluid than into a large; therefore the element of diffusion is 
more mnrked in the rabbit than in the dog. 

II. The Value of the Infusion Method in Determining the Mean Time of 
Circulation. It may at the outset be admitted, with Bering and Vierordt, 
that the mean velocity of the circulation, if it could be determined for 
the jugular path, would probably express the mean time required for the 
total amount of blood to complete the circuit of the body. For while the 
portion of the blood which leaves the aorta to pass through the coronary 
arteries to reach the right auricle follows a shorter path than the blood 
which passes through the capillaries of the feet or the portal system, the 
velocity in the Urge trunks is so extremely high that the difference in 
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time in passing through two large trunks, even of such extremes of length 
as the carotid at its origin and the metatarsal, is so slight as scarcely to be 
appreciated. The great part of the time of the circulation is therefore 
consumed in passing through the capillaries, and the jugular path may be 
regarded as giving a mean between the two extremes of distance above 
alluded to. It therefore only remains to determine whether the mean 
time required for the jugular circuit has been or can be obtained by the 
infusion method, or by the modification which I have employed. 

It has ulready been shown that the elements of diffusion in this method 
cannot be neglected, since, even after stoppage of the heart, when the only 
remaining propelling force acting on the blood is the rapidly decreasing 
difference in pressure between the arterial and venous systems, the potas¬ 
sium salt is carried around the circuit even in less time than is stated by 
Vierordt to be the mean normal time of circulation, and in considerably 
shorter time than is required for the pigeon’s corpuscles. But even this 
time required for the circulation of the pigeon’s corpuscles is far above 
what must be the true mean time. For we know that in all cases of 
movement of fluids in tubes the portion of the fluid in the centre of the 
tube moves with a much higher velocity than the portions in contact with 
the walls of the tube. It is also known that the red blood corpuscles, from 
their greater specific gravity, are carried in this central column of greatest 
velocity,and, a fortiori, pigeon’s corpuscles, having a greater specific gravity 
than non-nucleated mammalian cells, will have the maximum velocity of 
the moving column. Consequently, the time required for the circuit of 
the pigeon’s corpuscles will be much shorter than that required for the 
mass of the blood. 

An experiment of Schklarewsky (Hermann, Handbuch der Physiologie , 
vol. iv. p. 315) suggested to me a means by which the minimum velocity 
of the blood could be obtained. He found, when particles of different 
densities suspended in a fluid were propelled through capillary tubes, that 
the particles with the greatest density moved with the highest velocity, 
while the lighter particles moved in the peripheral portions of the stream 
where the velocity was the lowest. This fact serves to explain the motion 
of the red blood cells in the axis stream, while the lighter white blood 
corpuscles move along the walls of the vessels. If, therefore, a fluid con¬ 
taining suspended particles lighter than the red blood disks, and small 
enough to pass through the capillaries, is injected into the blood current, 
it may be assumed that the lighter particles will be thrown out of the more 
rapidly moving central current into the slbwer moving excentric layers. 

The following experiment seems to indicate that this is actually the 
case:— 

About 1 gram of carmine was rubbed up in a mortar with 30 c. c. of 
normal salt solution, poured into a conical glass vessel and allowed to 
stand for twenty-four hours; by this time all the larger carmine par- 
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tides had settled to the bottom of the glass, and the upper layers as 
proved by microscopic examination, contained only carmine granules „f 
which the largest were smaller than the mammalian red blood cells This 
was determined by placing a drop of the carmine fluid with a drop oi 
b.ood on a slide under the microscope. 10 c. c. of this fluid were then 
injected rato the external jugular vein of a dog, and the time which 
elapsed before the carmine particles appeared in the blood drawn from the 
opposite jugular vein was determined in the same manner as was made use 
ol in the experiments with the pigeon's blood. 

The following are the details or the experiment a- 
Expcriment XI—Dog. Weight 10 kilo. 

Before Injection. 

Pressure. 

110 


False In 13 seconds. 
35 


Kemsrka. 


After Injection of 
36 in first 15 seconds. 110 

36 in second 15 “ 115 

37 in third 15 “ Ug 


Carmine grannies found in blood drawn 
from opposite jugular in 35 seconds 
after injection. Pulse in 35 seconds 


10 c. c. of Carmine Fluid. 


Without laying too much stress on this single experiment, it is at any 
rote probable that a mean between this extreme and the maximum velo¬ 
city shown by the pigeon’s corpuscles will give the mean time of the 
circulation. Consequently, I would place the average time required to 
complete the circulation in a dog of 10 kilo, weight as between 2d and 30 
seconds. It will be seen that this statement can be confirmed by another 
line oF argument. 

If the amount of blood driven out of the left ventricle was a constant 
quantity, the rapidity of the circulation would bo in direct ratio to the 
number of pulsations of that organ. But ns we know that the amount of 
blood thrown out of the heart at each contraction is subject to great 
variability, and as I have shown in the paper before alluded to, that this 
amount falls considerably below the estimate of the ventricular capacity 
made post-mortem, the attempt of Vierordt to formulate a lav, as to a 
definite relation between the duration of the circulation and the number 
or ventricular systoles which would agree with the numbers obtained by 
bun as expressing the time of the circulation is not warranted by the facts 

111 tllP men J 


Thus, Vierordt stated that in all species of animals the time required 
or the completion of the circulation was the time required by the heart 
or making twenty.,even pulsations; consequently, each ventricular con- 
troction must discharge ,' T of the entire bulk of blood in the body. 

IS ow, according to the calculations of Heidenhain, which are generally 
accepted as correct, the average amount of blood in a dog is JL of his 
body s weight. A dog weighing 10 kilo, will, therefore, contain 769 
grams or blood ; or, as the specific gravity of blood is about 1050, 730 c. c. 
of blood. To propel this volume of blood once around the body in twenty- 
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seven pulsations of the heart, at each contraction the ventricle must dis¬ 
charge 27 c. c. of blood, a quantity which is about double the amount 
which the ventricle of a dog weighing 10 kilo, can be made to contain. 

There can be no doubt, however, though the statements of Yierordt in 
this connection are incorrect, that there must be a definite relation between 
the number of heart-beats and the time of circulation ; for the application 
of the same line of argument to the data I have obtained gives a result 
which almost absolutely coincides with the figures obtained by direct 
measurement. In a dog weighing about 10 kilo., about 12 c.c. would be 
thrown out of the ventricle at each contraction under normal respiration; 
and as the amount of blood in the body would in a dog of this size be 
7.10 c. c., sixty pulsations of the heart would be required to drive the 
entire amount once around the body. Placing the pulse-rate at 120 in 
the minute, the circulation would be completed in 30 seconds, a number 
which is identical with the figures given above. 

It also appears that the number thus obtained by deduction as giving 
the number of heart-bents to complete the mean circulation is nearly in 
accordance with the number of pulsations required for the circulation of 
the pigeon’s corpuscle; for if 50 pulsations are required for the maximum 
velocity and 85 for the minimum, the mean between these, G7, is near 
enough to the figure obtained by deduction to show that the method is 
nearly absolutely correct. 

"While there can be no doubt that an abnormal increase in the rate of 
the pulse, by diminishing the amount of blood thrown out of the ventricle, 
will lengthen the time required by the blood to complete the circuit of the 
body, it cannot be urged that in my series of experiments the pulse was 
sufficiently accelerated by the ether to cause any retardation of the circula¬ 
tion. For in Experiment I., where the effect of the ether had passed off* 
before the estimate was made, the time of circulation was even longer than 
in cases in which the narcosis was more profound. 

There is one other point in which my experiments fail to confirm the 
results obtained by Vierordt. Although I cannot find in his paper before 
referred to any experiments to substantiate the assertion, he makes the 
statement (Grundriss der Physiologic des Afenschen , 5th Auflnge, 1877, 
S. 1C2) that moderate stimulation of the vagi lengthens the time of circu¬ 
lation by reducing the number of pulsations of the heart, but that never¬ 
theless 26 contractions are here also required to complete the circuit; from 
which he makes the deduction that moderute irritation of the vagus reduces 
the number of the heart’s contractions without modifying the amount of 
blood thrown out at each systole. 

Of course, since I have not seen the details of the experiments on which 
these conclusions are based, it is impossible to form any opinion as to what 
is meant by “ moderate” stimulation of the vagus. 

As far as I know, no measurements of the quantity of blood thrown out 
from the heart during vagus irritation have ever been made, though a 
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diminution of pulse rate by cold 1ms been found by Howell and Donaldson 
(Proc. Roy. Soc., No. 22C, 1883) to augment the quantity of blood dis¬ 
charged at each systole. And if the irritation were not sufficiently severe 
to cause much reduction in blood pressure or velocity it is conceivable that 
the pulse might be considerably reduced in frequency, but that the reduc¬ 
tion would be balanced by the larger volume of blood discharged at each 
contraction. The only difference, therefore, in the phenomena of circu. 
lation during vagus irritation from the normal condition would be that 
fewer heart beats would be required to complete the circulation. The 
following experiments show this to be the case:_ 


. Experiment X II.-Dcc. 18, 1883. Dog. Weight 11 kilo. Pigeon's blood 
injected, and time of circulation estimated as before. Irritation of vu-us with 
induction current commenced at moment of injection. 


Preunre. 
180 mm. 


Before Injection. 

PnU« In 15 seconds. Kcsplrntlon. 

37 5 


Remarks. 


After Injection and Vagus Irritation. 


140 “ 16 in first 15 seconds. 

150 “ 20 in second 15 “ 

140 “ 32 in third 15 “ 

120 “ 48 in fourth 15 “ 

Experiment XIII.—Dec. 20 , 1883. 
experiment the same as in preceding. 


Vagus irritated 31 seconds. 
Corpuscle found in 19 
secouds. Pulse in 19 
seconds = 21 ; norma! 
pulse in 19 seconds = 50. 
Dog. Weight 14 kilo. Conditions of 


Before Injection. 

Pressure. l'nlse In 15 seconds. Respiration 

160 35 7 


Remarks. 


After Injection and Irritation. 


140 18 in first 15 seconds. 

160 24 in second 15 “ 

130 30 iti third 15 “ 

90 47 in fourth 15 “ 

University or Pennsylvania, 
February, 1884. 


Vagus irritated 44 seconds. 
Corpuscle found in 14 sec¬ 
onds. Pulse in 14 seconds 
= 17. Normal pulse in 
15 seconds = 35. 


Article XIII. 

Multiple Gunshot Wounds, with Consequential Reflux Phenomena 

ON THE TAUT OF THE EtE, HEART, AND Leu. By D. S. LAMB, A.M., 
M.D., Army Medical Museum, and Swan M. Burnett, M.D., Professor of 
Clinical Ophthalmology and Otology in the University of Gcoigctown, anil 
Ophthalmic and Aural Surgeon to the Central Dispensarv and Emergency 
Hospital, Washington. 

In the third surgical volume of the Medical and Surgical History of 
the Bar, page 748, is the report of a case (Case 1090) of reflex paralysis 
in consequence of, but occurring twenty years after, a gunshot wound. 



